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Abstract 

Bad&rotmd Eteta-bloelrfng agents reduce the risk 
of hospitalization and death in patients with mfld-to- 
moderate heart failure, but little ib known about their 
effects In severe heart failure. 

Methods We evaluated 22B9 patients who had 
symptoms of heart Mure at rest or on minimal ex- 
ertion, who were clinically &uvolerole> and who had 
sn ejection "fraction of (ear than 25 percent. In e dou- 
ble-blind fashion, wo randomly assigned 1133 pe- 
tfenfes to placebo and 1156 patients to treatment with 
carvBdilol fur a mean period of 10A months, during 
which standard therapy fw heart fell ura was contin- 
ued Patients who required Intensive care, had marfc*>d 
fluid reterrtfonj or were TBcelvTnn intravenous vascdi- 
Ifftors or positive Inotropic drugs ware excluded. 

RnultS Therewsre 190 deaths In the placebo group 
and 130 deaths In the carwcHlol group. This difference 
reflected a 35 percent decrease in the risk of death 
With carvedHol (95 percent corrfrdfinca interval, IS to 
48 percent; P =0.001 4^ adjusted for Interim analysed. 
A total of 507 patients died or were hospital bad In 
the placebo group, as compared with 425 In the 
carvedllo! group. This difference reflected a 24 per- 
cent decrease in the combined risk, of death or hospi- 
talization with carvedilol. Tha favorable effects on 
both end points were seen consistently In all tha 
subgroups wo 9xemTn«d. Fewer patients In the car- 
vedilol group than In the placebo group withdrew be- 
cause of adverse effects or tor other reasons 

Qnstliuiens The previously reported benefits of 
eatvedRol with regard to morbidity and mortality In 
patents with mllcRo-rnedereta heart failure ware also 
found in the patients with severe heart fsBure who 
ware evaluated in this trial. (N Engl 0 Med 200 1^; 
I6&i-a.) 

C^yrfjht C 2001.JtoiwchfeMt»MfliilfiAj society. 



BHIrVBLOCKENG agents have been shown 
in patients with nnLd-to-mo derate bean; fail- 
ure, 1 * 4 but litdc is known about the efficacy 
or safety of these agenrs in severe bean Sdluic. Ear- 
lier large-scale studies with, bisoprolol, orvcdibL, and 
mcinpiolol enrolled, primarily patients with New York 
Heart Ass oeiflrion ekss IT or fit symptoms, and thus 
they did not provide meaningful infbcmttion abour 
thtcJfei=rs of these drugs in pa&cjtts ufho have symp- 
toms at rest or on TmTwmaT (*wf}fin Only one large- 
scale study of beta-blockade (with budadolol) focused 
on patient? with sevens hcarr fnihxrc^ fc did not dem- 
onstrate ft j&TOrahle effect of treatment on survival and 
suggested mac tbcntpy might adversely aficcc patienra 
who arc at the highest risk. 5 The rcsufrs of the budn-. 
dolol trial raised die possibility the benefits of 
bctarbJodcadc ""gb^ diiriirnsh as disease advances 0 
and reirrfhreed the long-held concern *fo^t, beta^bloca^ 
er? may worsen heart failure, pamcnlixry in patients 
wxrh the most advanced, disease. 7 ** 

We conducted a large-scale, prospective, random- 
ized, double-blind, placcbo-coiurQlled cxM of the ef- 
fect cf the beta-blocker carvedilol on the snzvfval of 
patients with severe heart &2nre. Lifrc bisopriolol and- 
mctoprolcjl, carvedilol has been xhown to improve 
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symptoms and" reduce the risk of disease progression 
in pariems virh mfld-to-rnoderaac heart failurc M 
However, urJUcft bisoprolol and mctoprolol, ^which in- 
teract primanV with ^itxcptots, carvcdilol bltickr 
<V» and /^-receptors' and can interfere with the 
adverse effects of sympathetic activation through sev- 
ere! nonadreaergie mecharaeras. 10 - 14 ' These addirinnal 
actions may be parrirnhrly important in paricntj with 
severe heart Mure* 15 ' 315 

METHODS 

Conduct of tin Study 

The trial ma rinrignrd» Executed, and analyttd by a steering 
CQcnnh&EC) on cudriwintx cdiihiuIIm^ a bsosatudcj ccihlt, and \ 
(tea and safety rawtftoiinfr board, aS of whom opcramd xmfepend* 
endy of the cponiQBt The protocol Vis approved fay die fnxtim- 
tnnnliovEvbDKfid? nf all p iH i T i jp aimg twitwud'HU. and \rtiltEa in- 
formed consent wat obtained fiooo all pan cms. 

Study frttenta 

iwwiK^gmiff MTYniimyf 7padiy \hil 'Tt ^ Hod . 334 centers la 31 
Gotm^ocL &c$?et£ d'sftmir hear^ftil^^e^^a^ d^^n f~tf liy^ri^s ^^p^w^^wf^ 
pf dy^fflfat of ifcritajfe Biit^E of op iblnTnwJ cX« linn for at leair toeq 

cent, dopim appropriate ccmuituzaaJ therapy. Such tbc*a|iy t?tf dCr 
fined oi treum^llTvick cEnrctics (hi dares edited tD irhtacrfioiad 

or sa 

angpxEiinii. U^receptnr entnganut (unless iurfi therapy "Wis DOC toH 
cnUcd). ^CEmdleiBMdeana n Was defined » the ditencc of rale* and 
utitej and ffee jpttsence rf nn mnre dton inlniinid peripheral edona, 
utfe<i these atau ivwc eonAkred » be Cb« CO nencBrdiac camcs. 
Ttesufxnt with (figtnliij nitrates, byttnta^ne, effronotttCOflC, tt& 
ftrrtradaroBe was alTcnwd, but not required. KospltEQzcd pideira 

IlUltUU* 

(Sac aQnea in it required inlaiiive care or caatirraed inpadene cape. 
Recent aifomftcap to Ja cflrarfa tt (tacbdlngthciac 

^ lir rf i- y. ftrmrtr/karrJy hrfflTC raiulomauloa) QCtC allowed, bOT 

tcifSDODi pestin inotropic w genii Or mtzsvcncnii YisiodSiiBB vctc 
BoCpcimiUed Twauo feat days of Ifirfuhfliffi 

PtT irfl^ wets ^*Hr*^w| frnr" «w*Hy ifibty fagirt furore 
dis mi earned by uncorrected pzimary ^ahoilir dheaie of «. »- 




la sdtfitmiif patients urac excluded £, within the pro^imi twn 
wmdd; they hiri 1 wfoBpne coronary revMaalafftatfcui or had had 
an aqitc m yocard M l or cerebral Ischemic event or a fiutilrisd or 
bco)odyn«niic?fly dcittit nSwn g •vuiU^uW tadycardaa or fflff ilhhoii . 
Patfcnt* who tod received an alphMdreaei^c taJocin; • calGrUm- 
channel blodra; or a dus I mturrtrftiiroic drog within the pre* 

wte aho rvrfinferl Bp>&r> ptnenta wtrc nrhrtrfrd If duy had a 
systolic blood praxarc lower than S5 sun Hg; » bsart ntc Ixrao' 

utban 2& rB£fa F dseQnEr<Z4ZS /imol per Dor); a semts pew 

fairnfTi f fTTWrTTTTBtWTn l mVCl tllMli 3>5 mCbOl per i^rgr or tif fl h ef 

tbtn 6>3 drboI per littn or an (Basaia of* bj** tfaan O.S r&s per 
decStsT (44^ /JPKt" f p Iht) im wh " ^^rt P f f ft ft ^'* itT M iftB 

ing period (3 id 14 day?). 
Study D«3tlsn 

P&riema vim rnlfilied &3 the escrf oriceda vxn randomly as- 
agned in a hi nrio »i4 fa Q 4ouUo-bBc4 ^<hioo 00 xeoehe dtbex 
Otal f flr yyfllnl n? ntr&rtfiitftjd w i** m ttHrf Mnn fo crietr tvoat rn** 1 ^* 
WiffciTM fer heart fiulnrc. fBtzeats received tA iidtia) dose of 3^25 



tog nf camdllal orphcebo nvicc doily for Wti w^ckff, -which 
then inereucdvTiKMueck 1/Usmls (i/tnlcncid^ itx v» 6^5 mg; 
tien id 1 23 mg, artd finiJIy to a t^rgec dore of 25 Dtp twiee dahr. 
During cbe period of inward -titration, paitura vere innrueccd 
10 report adverse effort* or xreigfai gain; the do PC of odier msdi- 
carJanj could be modified and the rapidity afupnord foation of 
the duic uf thenndy drug ctnald be 'T-^r^^d. if such mrjornnun 
rare dlAlcally wwr«tfd, PaticBte were then cvahntod every two 
g^mthi unzil the end of die szpdy, Pigjng maiaieiiaikce pc 
isnd, carvcdikil orpbeebo oonld be Temporally distommiial or 
tiic dose rtaJoccd, bw hr*^JdsutDr5 v«re cnamr^cd 10 rcbrtibirc 
txeatmcni with parrial or foil dose* « 1 later omfc Doica afafl caa- 
cofrctAat dragi coaW be adjusted a* Ac diKxcdnn ofvhelimeM}- 
gatot IFthepaticirtV coodhiaD derennRued during the imd^ rhe 
ui i utl gajar codd use a&/ inbertFcudanr diatweje cSoicaDy indi- 

label treatment with a beia-blflcte 

SMicilcadAiulydB 

Tba pdmary e&d point of the crudywu death fiom any eaurt, 
and <he coinHncd dxk of death or hc^fTffarlef) fet any reason 
w» one of fimr pre^ecined ^egmdary end pamzx. Qm^trfatiTe 
xoTfinl curves fox both end paints woe eonnnrod by the Xap- 
ko-Metex mahodj 7 and dlHcrcpcca betneeu theenrvo were tcrt> 
^^%^C*«e^\iththctiacGfti»los-rattk tutirtk. Ccx pa^eav 
tinn^haiiirtlrs r tgr»irJftr> iftOddiTVcre uacd to cnlmaic tae hazard 
ratio* and 9S percent rarrfwfmrr UuetYkls.^ The analyiet Includ- 
ed aU Taodomhed fstiema, and all evena weee aanbuted m t&e 
p3tjenr*i or^Jnal raodORlly asdg^d trcitrneotgnop (accoTdto^ to 
the intLutJuo-Cuai cjl prfariple). Data for pndcmi who undenreat 
caralftetEwxp^&rJbn wie ccncurcd at the rime of tnnrpkncii^n, 
aod hucplr^lzaduns uf lea than 24 huun» as well as those thai 
xvere only for the purpose of providing hoosuag fbt the patient, 
Xvere not rndndc<L 

The ttfitplv »RTvn cntmahid 00 die basis of tbc fhlknring i> 
xnmprioru: tne oae^car mortality in the placebo group wuuld be 
2Z perccnT"; the rlik a f death ivo\ild bs (dtcrtd by 20 petoavt w 
a repdt of treatment with carvrdilal; and zho nody Woukl hove 
90 percent ptjwcr (two-tfcted a«0.D6) to detect a rfpiHM*nt d& 
feicti c c betweca the tieuLnjeni grou^i. Since ic^u recognized *o 
the exrireaie eftfaet&te of etcuts nai^itbe too Mgfo t tJic tdil wax 
ded^ned to Mn tfn n^ ttwm 900 deeros m | ,d . 

An independent data and aarhty curdtai^e^bfittd waspnupe^ 
lively eonidltttcd at the ctart of the study; thu board peHodkaDy 
reviewed, the imhhTMfcd reailEf andwa* onpowcred tDrecommefid 
early ecr mii^ c io a of the study If k cbierpcd a v^tmcnte&ctGp 
rorvlvil that exeeeded the prespe«Ified bannoaries. To ptotea 
agAznst iiicrcanng the falic pti^xjn: umj nic with UrTM i trri Iror- 
Irfl aoalyscx, tvecjed a tmntatied 0 T Brkr>— ^kjnlag-typc btrond- 
ary, a eowastd wjch efxc use of toe Lan-DsMes proeednrc.^ 

The eSsct of caradllot oa euru^nl (ad da the comhtned rial: 
of dmh or hc^italzaa^an wo aarenee} for JUDgrtrnps defined by 
ta bafe~£nc vadabtec Ago (<dB vs. a*d5 ym)j sqe Ic^mnrip- 
tlhcr ejection famon {<20 vs. ?>20 p ercent) } canst of heart £ulve 
(Krhfffrir va, ocnbchcsuc cazdumryDpad^); ioeadeex of the rtsdy 
center (Korch or Socrh America %*, Europe, Aaa, AJ&in, or Ab- 
trtlcOi tod L Ltm y or lack ofHaCocy of bo^talaacbn for heart 
ftfltere ^vttrdn One. year bcf&xc eondhncnt jo the attsd/. ILe first 
fimr rubgroir^ inaiyaei vsac a^xifii'd in the crisinaf protocol In 
Kfiflciort, became cpEerxtudiei hxtX yngg&rod ttug tht piticnti at 
the Jdghcit riihmS^hc respond poorly to heta-taIoeVade. M farther 
anaffia were conducted to dcotnnine whether there were pMienta 
in the present trial Tfho had heart &Hure too ^oVmccd to beflaafit 
Jrotri trcatfOcxi^ Th ese crtalyses consiitBd of asscronerrt? uf the eA 
feoi of carvcdQnl in a fubgruap of patients at very high ritr. de> 
flft^ d as those trftb r ec ent orrecurrcnr earenae deeoirtpemarjan or 
aeiefety depecaaed ^MHc function thittpni charsrutized by die 
or more of the ibttowieg; the preKUOC of ptdmonary rales, &&- 
dtcs, or cddBBa tt rmsdomrz&xmn; lirree oz moee hotpita&aatiaiK 
for bearr &Oorc wfrbln the previous yean hoapiriuziiion at the 
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I j 
Ifl -21 



Months 



PUcabo T139 93? 703 44* 280 132 114 

Ca/wdDcH TIM 547 733 BIO 473 821 209 143 

Rqut» T\ KapJan-Mdsr Analysis of Timo tf> De&th In Iho P)k»- 
ho Group and the CBrvodfal GruBp. 

Tha 3S percent lowar risk bf the carvedifol "gtoUp vns signifi- 
cant: pBODDiriS {Urra^jUfftvd) md P-(X0QK («f)Wttfldl 



combined end point that was 24 percent lower as a 
icsulr of treatment with eamdiLol {95 percent con- 
fidence Interval, 13 xo 33 p ciecnt; P<Q.001) (Eg* 2}. 

Effect of CBrvodllol In Subgroup* 

The rednrzian in mortality and in the combbed 
nfik of deals or hospfralbarirm -with, carvcdilol was 
similar in direction and in magnitude ha subgroups 
defined according to age, sex, left ventricular qection 
fraction, ctiific of heart More, location of tiic study 
cento; wad Jtoocyxrah respect to hospitalization tot 
heart £dbie within Ac previous year (Eg. 3 and 4)» 

2he Jfcrarabln effect* of carvtdUol On bodx end 
polats were apparent even in the parienta at the high- 
est risk — riamc3v 3 those with recent or tyr^Trrrrir car- 
diac dcff t Tnp gTtgat '' rtn op severely depressed cardiac 
fimrtion — for whom the axroulatzrc lisk of death 
widrin one year was 24.0 percent in the placebo group, 
aoardmg 10 the Ks^brHWeier anaryris-Inthishigh- 
yjfV mhnrc, carvcdilol reduced the risk of death by 
39 percent (95 percent confidence interval, Jl to 59 
percent; P= 0.009) and A^rfi 1 ^ the combined risl; 
of death or hospiranzaiion by 29 p ercen t {95 percent 
confidence i nterval, 11 to 44 percent; P=0.003), 

S*fety 

Fewer paiieuts in the carvcdilol group than in the 
pkeebo grosp required the permanent disrrrnrirTTin- 
tion of nrBtmrnt because of adverse tnects or fox 




NaDPPAmnsJlvRsK 

Pbfifrha 1133 767 377 282 754 B9 6S 

Cervwmfl! 1166 769 569 431 31 B 209 122. 81 

FJijuni 2, Kaplan-Mater AnBtysfs ofTfma to Damh or Hirst Hob- 
pft&TJzBilon for Any Roseon in the Pteeabo Group and the 
Csrvtdlbl Group. 

Th# 24 percent lower risk In tho cwvodilol group wet BJgrOft- 



reasons other than death (P=0.02) (Hg> 5). Accord- 
ing to the Kaplan—Meier analysis* the cumulative 
withdrawal rates at one year for the total cohort were 
I8J5 percent in tic pjacebo group and 14.8 pcrceox 
in the carvcdilol group. The withdrawal rates for the 
patients with recent or reenrrenr cardiac decompen- 
sation or severely depressed cardiac function were 
24.2 percent in the placebo group and 17.5 percent 
in the carvcdilol group. 

DISCUSSION 

The Textiles of r hf* am Ay fj*m<irpcrrirt , »; tfyar Ioqbj-^ 

term rr* ^m nmt with carvcdilol substantial bene- 
fit in paricnis with severe chronic heart failure. Thi 
aH^rrirtn of carvcdilol to conventional therapy for a 
mean oflO-4 months decreased the rale of death by 
35 percent <"if^ the rate of death or hospitalization 
by 24 percent. Tb&i benefits were apparent regard- 
Iosj of age* «x> cause of heart iailure, Idft vaitiicukr 
ejection fraction, ot recent history with respect to 
hospitalization and were seen even in patients with 
a. history of recent or recurrent cardiac decompensa- 
tion or severely depressed rarrfar fhncrion, Knally, 
treulnicnt with cak-Vftdilol wad well tolerated; fewer 
patients in the carvcdilol group than in the placebo 
group recjexred. y& ^ i vtflnent diseo nT i nvrftfi o n of txeat- 
menr because of adverse efTm.15 or for other reasons. 
These benefits were observed in a group of patients 
who were dmically emrokmic and were cot receiving 
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timr of tcnm\n% or Iicdnaiiaidtaj the need fhr an imrawmnua 
positive Inotropic sgem: nr an irursTtnrwi Wfidilator drag within 
14 cbyj befert rtuwlejnrea&oji; or a. left venmailar cjeajon frac- 
tion of IS pavegc cr fe#uv "Die bw-lrac variables that defined 
thfc hjgri*«sk group were identified without fawledgE of their 
Inibcfice oa tbe efiect of oramienc. - 

KESTJLTS 

Rxuidoniizarioa began on October 28, 1997> and 
was stopped early (oa March 20, 2000) oaiiicrtfcom- 
iDRTvfannn of -die data and safety moiiitoring board. 
This recommendation was based oa the finding of a 
elgni£«iit beneficial efiect of earvediloL on survival 
tbar exceeded the piespctified interim monitoring 
boundaries. 

Ar the time of the carfr tcrrmnntion of the trial, 
2299 patients bad been ™gwgX to treatment groups 
' — 1133 to die placebo group and 3J.56- to the car- 
yedilol group. The two treatment grotips were sim- 
ilar with, respect to all base-line **h aw "TTT?dr? (lablc 
1). Afiar fanr months^ 78.2 percent of me Surviving 
patient? in the placebo group and 65.1 • percent of 
those in tha cajvedilol group were receiving the tar- 
get doses of their assigned medications' (mean doses, 
41 mg of placebo daily and 37 mg of carvedaol daily), 
and these doses 'were generally maintained until the 
end of the study. The mean duration of fblloviMzp 
wes 10.4 months. During this time* no pattern wis 
lost to follow-up with regard to mortality, and few- 



er than S percent of the pariente received open-label 
treatment with a bera-bbekcx 

Effect of CarwdUol on Survival 

According go the intention-to-treat analysis, 190 
patients in. the placebo group died and 130 patients 
h the carvcdiiol group died; this rirfffcrence reflected 
a 35 percent decrease in the risk of death with car- 
tediloi (9S percent confidence intcmlj 19 to 48 per- 
cent; P=0.()0013 [unadjusted) aud P=0.0014 [after 
adjustment for interim analyses]) (Fig- 1). According 
to the Kaplan-Meier analysis, the cunmlarivc risk of 
death at one year was 18.5 percent in the placebo 
group and 11.4 p er c ent in the carveduol group. 

A total of 12 parients (6 in each group) under- 
went cardiac transplantation, after which 3 died (2 in 
the earvedilol group and 1 in the placebo group). The 
results with respect go mortality were essentially- the 
same when the data for the patients who received 
transplants were not censored and when deaths after 
transplantation were included in the analysis. 

Effect of Carmdtlot on tha Combined Risk of Death 
of Htnpftarizxtion 

According to the intcnti on-n*) ■ treax analysis, there 
were 507 putientB who died or were hospitalized in 
the placebo group and 425 snch patients in the cat- 
vcdilol group; this difference reflected a risk of the 
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Blood pnsnrc (am Hg) 
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Figure a. Hazard Ratios (and SB Pwcwrt Ccrrfv*fif»an bnarvaW tor Daath irom Any Cbubo In Subgroups 
Deflnod Accord fr>a to BasaJJue Charade Hades. 

IVEF dBpotot left vantrfuutoT ajfterton fraedorv. Racant hoaplufiMiJon rsfbrs to h«pfalte?den for haart 



intravenous positive inotropic agents or intravenous 
vasodilator drags fer ri^ treatment of heart future. 

Wc observed iavoifihk cfitcts of carvedilol in pa- 
tients whose heart failure was more advanced than 
diar of pxricsts in earlier large-scale trials of 

bda-blockos. Whcreai earHersmdics focused primar- 
ily on patients with mM-to-ni odcratc symptoms, our 
study enrolled paomts who had symptoms at rest or 
on minhnal exertzOQi CoJisttjiientiy, the 18 .5 percent 
risk of death within one year in our placebo group 
(or the annual mortality rate ofl9*7 perce nt per pa- 
tient-year of fallow-up) was higher than the 
spending rates, ranging from 11.0 percent to 16.6 
| W.ui»iii t in trials of nictoprolol, rttsopxolol, and bucin- 
dololW but was shrnhr to the anmwJ mortality rata 
of 20.7 percent among the patients In these studies 
who had New ^brk Heart Association class iVsymp- 
tyitiy and who were a«%ned to placebo. 32 The pte- 
trwnaenr values for the ejection fraction in our trial 
were ato lover than those in previous studies of pa- 
uerirswirh severe hr^iaikre, despise similar systolic 
Wood pcessnrcs and heartrate* before treatment^** 2 *" 
Finally, many psricnis in our nisi bad evidence of re- 
cent orieoirrenz cardiac attorjaj>en*arion ) and in this 
subgroup, the risk of death at one year in the place- 
bo group w** 24-0 percent (or annual mortality 



rate u£28£ percent per parienr-year of fbEow-up) — 
a risk that was similar to the rases among iheparfcnDj 
with the most advanced degrees of heart failure in 
other studies-*^ Previous work has raised impor- 
tant question* about both the efficacy and the safety 
of beta-blockade in such severe debtees of heart fail- 
ure, 5 - 6 yet carvedilol vm effective and well pri crat T .H 
both in our patients overall and in those at the high- 
est risk. 

Although all the patients hi our study had severe 
heart iailnrc, not all patients with severe hzart faflnre 
■were allowed to partiripare in the trial Patients who 
required rnzensive care, had marked nuid retention, 
or were reccying intravenous vasodilators or intrave- 
nous posmve inotropic agems were not enrolled, Wc 
also ffHndftri pjrtwnti} with -s y mp tn tpatir. byp<MniaiOn 

or severe renal dysfuricnan. Thus, physicians should 
not ssaume that such p*"*^ would have favorable 
responses to treatment wnh carvediloL Jr. is possible 
that actuation, of the sympathetic nervous system in 
such critically ill patients is pgcgnrfcl to the as3onc" 
nance of circulatory homeostasis 35 ; if so, sympathetic 
niight be ineffective or might le ad lo rap* 
id chnical dettiriOTftiioa,v* Therefore, fnstead of pre- 
scribing carvedilol for such patients in the midst of 
thdr acute P^K*^ it would he prudent first to take 
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Months 

Ffeun G. KapJan-Mefer Anajysia of tha Tune to Farmanant 
Withdrawal of tfia Study MedJcdbn bccstias cf Ad vara H«o- 
tinna or far fteaaoriE Ottar Than DoHh lh th* Placebo Group 
Hodtha c«rvedIW Group. 

Tha risk of wltMranil Mm 23 percent pjwar frt Aft corvcdHof 
group [SB parcsnt cenfldanea (ntatv^L 4 to 93 panreirfc P^O,02I, 



meaning to stabilize thek clinical condirion (partic- 
ularjy with respect to volume stains) and then to Ini- 
tiate tasxrncnt wirh cartcdiloL Consultation, with, a 
physician who has cxjjtiUst in the eaxc of patients 
with advanced heart iaiture may ako be warranted. 
Such precautions would mirror precisely the proce- 
dures that were followed before me enw\nfwwn t of 
p arirmr s in the present study. 

The mechanisms by which carvsdlloi reduces mor- 
taEey among patients Math heart feflurr 
dear. Like other beta-blockers, carvcdEol «ntagrwriM 
ft-recepcojw, but not all drags that block ft-recep- 
toa have a favorable effisrt on mortality -or on the 
combined ask of death or hoipitalizgrioa when ad- 
mmii«rcd to paticntr with advanced hem &j\nrr_m6 
Like buondoJoI, carvedilol blocks ^^rectptozs, 9 but 
nnfike bucindolnl, carvedOol prolongs Hfc inpatients 
with, severe symptom*.* How can this differenci; be 
explained) On the 

one ngmrf ? biKtndolol may exert ad-* 
diiicuial aniofLT intrinsic T^ ^ T frrrm Tnfrir 
icy¥&* that may have deleterious effects in patients 
with severe heart failure, 26 Direct studies of cardiac 
Tissue, however, Jwrpe raised doubts as to whether 
bnrirtrloiol has inrtinoc syrnpathcuijitoctic activity in 
fifing human hesm,w On the other hand, eatvc- 
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dibl has additional properties (e.g., alpha-adrcncrgic 
hi o dead antioxidant activity, m ^ antieodotiielin cB- 
•fea&woji) that may enhance its ability tn attenuate 
tlit adverse egeefs of the sympathetic nervous system 
on the oroilatian. 12ja » 1 ** a » | L These adHinonal acqons 
may be particnlarly important m severe heart fail-» 
ute^ 10 Regardless of the mechaoinas involved, the 
difereoces observed between the effects of earvetfilol 
and those of hudndolol in large-scale trials suggest 
that a drug should not be assumed to be effective in 
patients with severe heart failure simply because it 
has the ability to block beta-adrenergic receptors. 

lb place the findings of the present study in con- 
text, if physicians treated 1000 patients with severe 
heart failure rirwilar to that found In the pad eats in 
our trial with carvcdilol for one year, appacadrnately 
70 premature deaths wonId.bc prevented. This effect 
compares fkvorabty with the apprcarimatcly 20 to 40 
deaths that would be prevented if angiocensia-con- 
verring-frngyme inhibitors or bea-blocifcrswere ad- 
ministered fii one year to 1000 patients xvtth mfld-to- 
moderate symptoms** 31 and with, the apprcoiojateiy 
50 deaths that would be, prevented if an aldosterone 
antagonist vi-ert prescribed for one year to 1000 pa» 
rif,Tifs with severe symptoms 
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